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ARC FAULT DETECTION SYSTEM 

RELATED FIELD 

The present invention relates to arc fault detection sys 
tems and more particularly relate to arc fault detection 
systems for use in aircraft and aerospace environment. 

ART BACKGROUND 

Electronics and computer systems have become an inte 
gral and indispensable part of an aircraft system. While the 
use of modern technology for communication, control and 
navigation has made flying safer and more efficient, it also 
makes the aircraft more Susceptible to arcing in its wiring. 
FIG. 1 is a simplified diagram illustrating an exemplary 
wiring system for an aircraft. Such exemplary electrical 
wiring system 1 may include major systems such as power 
2, lights 3, and communication 4. For power system 2, it 
may include Sub-systems such as battery, generator and 
alternator 21, and circuit breakers 22. The communication 
system may include radio 23 and transponder 24 Sub 
systems. As can be appreciated, all the systems and Sub 
systems require wiring to connect the on-board components. 
Massive amount of wiring, however, also create potential 
hazards. Many aircraft accidents have been attributed to 
Smoke and fires due to electrical arcing in the aircraft wiring, 
with the attendant loss of life and damage to property. Heat, 
arcs or electrical ignition are often caused by loose connec 
tions, broken or shorted wires in the power distribution 
system. In aircraft wiring, vibration, moisture, temperature 
extremes, improper maintenance, and insulation breakdown 
all contribute to wiring failure. This may lead to arcing and 
may ignite combustible components in the aircraft. 

Electrical arcing may occur as a result of flexing in the 
airplane during turbulence, take-off or landing. It may also 
occur as a result of wire shifting or chafing. It may occur in 
flight, which could potentially cause Smoke, fire and explo 
S1O. 

In addition, our aircraft fleet is aging and has become even 
more susceptible to potential faults due to arc faults in the 
aging wire insulation. This problem is quite predictable, 
since as the wiring ages, the insulation becomes brittle and 
begins to break down. However, since the wiring is all 
encompassed in the aircraft harness, it is generally beyond 
the maintenance crew's reach. Therefore, in the face of 
aging fleets, it has become desirable to be able to detect arc 
faults and shut off the circuit that causes the arc. 

While numerous conventional approaches to arc fault 
detection have been presented, such conventional 
approaches have not been entirely satisfactory for various 
reasons, such as failure to detect different types of arcs, 
Vulnerability to generate false alarms, delayed detection and 
reaction, or simply inaccurate detection. Many rely on 
conventional time-domain signals and analyses, which com 
promise the time a system takes to do a detection, while 
others are only capable of detecting arcs of a single fre 
quency band. 

Therefore, it has become desirable to have an arc fault 
detection system that can detect arcing expediently. 

It is also desirable to have an arc fault detection system 
that can achieve high degree of false alarm immunity. 

It is further desirable to have an arc fault detection system 
that can be easily implemented with the aircraft wiring 
system. 
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2 
SUMMARY OF THE PRESENT INVENTION 

A system and method for an arc fault detection system for 
aircraft wiring system is disclosed. Upon detection of arc 
fault events, the system transmits a signal that may be sent 
to an existing circuitry of the aircraft electrical system, 
which disconnects the power to the circuits, thereby extin 
guishing the arc. The system can be either utilized as a 
stand-alone system or incorporated into existing products or 
systems. When an arc event occurs on a power cable, a 
broadband noise event is similarly induced upon the affected 
cable. The system first uses a pick-up coil to sense and pick 
up this broadband signal from the power cable of the wiring 
system, and then amplifies the signal. The amplified signal 
is applied to a high-pass filter to only pass frequency 
components above a predetermined frequency. The high 
passed frequency components are then applied to band-pass 
filters, using a plurality of non-harmonically related center 
frequencies to generate narrow frequency slices of the 
signal. Each slice of the signal is rectified to generate a d.c. 
level signal. Detection can be made for each d.c. level signal 
using level detectors. Power and ground sources are also 
applied to their narrow band-pass filters, rectifiers and level 
detectors. By using a logic matrix, an arc fault can be 
determined when all d.c. level signals from the event indi 
cate detection, while signals from the power and ground 
Sources indicate no system noise. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a simplified block diagram illustrating an 
exemplary aircraft electrical system. 

FIG. 2 comprising FIGS. 2A and 2B is a simplified block 
diagram illustrating an exemplary embodiment of the 
present invention. 

FIG. 3 is a simplified block diagram illustration an 
exemplary embodiment of the present invention imple 
mented with a digital signal processor (“DSP) and a 
semi-custom integrated circuit (ASIC). 

Table 1 is a truth table for an exemplary detection logic 
matrix 60. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

A system and method for an arc fault detection system for 
aircraft wiring system is disclosed. In the following descrip 
tion, numerous specific details are set forth to provide a full 
understanding of the present invention. In other instances, 
well-known devices or components have not been shown in 
detail so as to avoid unnecessarily obscuring the present 
invention. 

Referring to FIG. 2, a simplified block diagram illustrat 
ing an exemplary embodiment of the present invention is 
shown. From the left-hand side of FIG. 2, power cable 5 
represents the cables from aircraft wiring and power distri 
bution system. When an arc event occurs on a power cable, 
a broadband noise event is similarly induced upon the 
affected cable. Power cable 5 is passed through pick-up 
sensor 15, which is broadly tuned to the frequency band 
between 2 and 15 KHZ to detect broadband signals on power 
cable 5. Broadband signals on the wire that are picked up by 
sensor 15 are applied to differential amplifier 17 for ampli 
fication and preventing overloading, preferably with the help 
of the automatic gain control 18 (AGC) that can prevent 
saturation. The output from differential amplifier 17, which 
is analog, has a wide spectrum between 0 to 20 KHZ. 
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Signals from differential amplifier 17 are applied to 
high-pass filter 20 to eliminate frequency components below 
certain frequency range, which can be determined based on 
aircraft specifications. For example, since some aircraft have 
used variable frequency power generators with 400 Hz, their 
signals may fluctuate between 350 Hz to 800 Hz. Therefore, 
signals below 800 Hz, are to be filtered out by high pass filter 
20 for those aircraft, such that the subsequent detection 
filters are not saturated by those signals from their own 
wiring and power generation. 

After filtering by high pass filter 20, four narrow band 
pass filters 32,33, 34, 35 are connected to receive the filtered 
output. Each narrow band-pass filter 32, 33, 34, 35 is tuned 
to a separate band-pass frequency between 2 and 15 KHZ, so 
that each essentially takes a spectrum slice in the signals 
frequency domain. To eliminate man-made sources of noise 
from the wire, which are harmonically related, each band 
pass frequency is selected so that it is not harmonically 
related to another band-pass frequency. Each of the narrow 
band-pass filters are preferably a multi-pole band-pass filter, 
in order to achieve narrow band-passing. Preferably, center 
frequencies of 2 KHz, 3 KHZ, 5 KHZ and 7 KHZ are selected 
for band pass filters 32, 33, 34, 35, which are preferably 
implemented with 8-pole band-pass filters. 

Each of the output signals from multi-pole band-pass 
filters 32, 33, 34, 35 is applied to precision rectifier 42, 43. 
44, 45, respectively. Each precision rectifier 32, 33, 34, 35 
provides a d.c. level output, of which the level is commen 
Surate with the arc spectra within each band-pass filter 
frequency band. At the output of each precision rectifier 42. 
43, 44, 45, a capacitor is preferably connected between the 
output and the ground. 
The d.c. level output from each precision rectifier 42, 43. 

44, 45 is low-passed filtered and drives separate precision 
comparators acting as level detector 52, 53, 54, 55. Level 
detectors 52, 53, 54, 55 generate logic-level outputs which 
are individually fed into arc fault detection logic matrix 60. 

To discriminate against false alarms like common-mode 
electromagnetic noise and lightning, other sets of narrow, 
multi-pole band pass filter, rectifier, and level detector (31. 
41, 51 and 36, 46, 56) are also used to monitor both the 
power and ground lines. The output signals from their level 
detectors 51, 56 are also fed into arc fault detection logic 
matrix 60. 
An exemplary system of the present invention may be 

physically realized using the following components: Differ 
ential amplifier 17 may be implemented with a device, Part 
No. AD797, from Analog Devices, Inc. Each of multi-pole 
band pass filters 31–36 may be a device, Part No. MAX274, 
from Maxim. Each of precision rectifiers 41–46 may be a 
device, Part No. TLO71, from Texas Instruments. Each of 
level-detectors 51–56 may be a device, Part No. LM211, 
from National Semiconductor. High pass filter 20 is imple 
mented using typical passive components. 

Arc fault detection logic matrix 60 generates a detection 
signal, which is preferably a logic-level signal, to indicate 
the presence of an arc fault. Such detection signal can further 
be applied to an arc fault detection output drive stage 70, 
which generates a control signal to shut off the power line. 
It should be noted that output drive stage 70 is preferably 
utilized to provide additional signal conditioning, buffering 
or handling, such that the output from the drive stage 70 can 
be appropriately used downstream. An arc fault is detected 
only if there is a valid signal from all four level detectors 52. 
53, 54, 55, but not from level detectors 51, 56, associated 
with the power and ground lines. Also, as previously 
described, since most nuisance noise events generated 
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4 
within the aircraft would exhibit spectra that would be 
harmonically related, e.g. from Switching power Supplies, 
Such noise would not appear in all four pick-up band pass 
filters 42, 43, 44, 45 simultaneously. Therefore, such nui 
sance noise would be rejected by detection logic matrix 60 
(to be further described in connection with Table 1). 

Reference is now turned to FIG. 3, where a simplified 
block diagram of another exemplary embodiment of the 
present invention is illustrated. The aforementioned func 
tions achieved by the high pass filter, narrow band pass 
filters, rectifiers, level detectors, logic matrix and detection 
output can readily be implemented by a programmable 
digital signal processor 10. Of course, an analog-to-digital 
converter (ADC) is implemented after differential amplifier 
17 to provide signal conversion from analog to digital 
format. 

With respect to logic matrix 60, Table 1 illustrates a truth 
table for an exemplary arc fault detection logic. The columns 
entitled “LRU Power” and “LRU Ground” represent 
whether there is system noise, other than an arc on the wire 
that is being monitored. A “1” indicates system noise is 
present, which may be a lightning strike, electromagnetic 
interference (“EMI’) etc. By monitoring system noise, it can 
reduce the probability of a false arc fault trip. 
The column entitled “All High Pass Filter Input it” 

represents whether ALL outputs from the Level Detectors 
associated with the High Pass Filter are logic “1”. A “1” 
indicates that all criteria have been met in determining that 
a potential arc has been detected on the power cable. 
The last column entitled “Arc Fault Detection Output' 

represents whether an arc on the power cable has been 
detected and that the power to the load should be terminated 
and shut off. Note that, according to the exemplary truth 
table of Table 1, an arc is detected only when all high pass 
filters are “1” in the absence of any system noise from LRU 
Power and Ground. 
The truth table shown in Table 1 represents an exemplary 

and basic implementation of the detection logic matrix 60. 
It can be physically realized using a multiple input NAND 
gate (with inverters for the LRU Power and LRU Ground 
inputs), or with a simple micro-controller, which provides 
flexibility and convenience in design and implementation. 

In accordance with multiple frequency domains of the 
present invention, multiple cycles of assessment of a poten 
tial event can be achieved by using frequency domain with 
multiple bands in parallel. The filtering, rectifying and level 
detection for each frequency band may be repeated in order 
to obtain a larger sample. Even at 2 KHZ, a cycle may only 
take-about 0.5 millisecond. More cycles allow more signals 
to go into the capacitors, build up the charges, raise the 
Voltages on the capacitors, and alter the state of the level 
detector based on the voltage level. 

In accordance with the present invention, the detection 
system is able to discriminate against nuisance trips inherent 
in the aerospace environment, while being able to determine 
valid arc faults in a very short period of time after occur 
rence of the arc. 

In order to detect signals on the wiring system, pick-up 
sensor 15 is preferably a magnetic pick-up coil, because it 
provides inductive coupling while maintaining physical iso 
lation between the detection system and the wiring system. 
Additionally, a current sensor may be used to detect any 
current difference, which may indicate a potential arc fault. 
We claim: 
1. An arc fault detection system to detect an arc event in 

aircraft wiring, comprising: 
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a pick-up sensor coupled to said wiring, being adapted to 
detect an event on said wiring; 

a differential amplifier coupled to said pick-up sensor, 
being adapted to amplify an output from said pick-up 
Sensor, 

a high pass filter coupled to said differential amplifier, 
being adapted to pass output from said differential 
amplifier above a predetermined frequency; 

a plurality of first multi-pole band pass filters coupled to 
said high pass filter, each of said first multi-pole band 
pass filters being adapted to pass output from said high 
pass filter within a predetermined frequency band, each 
frequency band being non-harmonically related to each 
other of said first band pass filters: 

a plurality of first rectifier coupled to said plurality of first 
multi-pole band pass filters, each of said first rectifiers 
being adapted to generate a d.c. output based on an arc 
spectrum from a corresponding one of said first multi 
pole band pass filters; 

a plurality of first level detectors coupled to said plurality 
of first rectifiers, each of said first level detectors being 
adapted to generate a logic level output based on an 
output from a corresponding one of said first rectifiers; 

a plurality of second multi-pole band pass filters coupled 
to power and ground terminals, each of said second 
multi-pole band pass filters being adapted to pass 
output from said power and ground terminals within a 
predetermined frequency band; 

a plurality of second rectifiers coupled to said plurality of 
second multi-pole band pass filters, each of said second 
rectifiers being adapted to generate a d.c. output based 
on an arc spectrum from a corresponding one of said 
second multi-pole band pass filters; 

a plurality of second level detectors coupled to said 
plurality of second rectifiers, each of said second level 
detectors being adapted to generate a logic level output 
based on an output from a corresponding one of said 
second rectifiers; and 

a decision logic unit coupled to outputs of said plurality 
of first and second level detectors, being adapted to 
generate a detection signal only when said first level 
detectors indicate a valid detection, while said second 
level detectors indicate no detection. 

2. The detection system of claim 1, further comprising: 
a detection output unit coupled to said decision logic unit, 

being adapted to generate a control signal based on said 
detection signal, said control signal being adapted to 
cause power in the aircraft wiring to shut off. 

3. The detection system of claim 2, further comprising: 
an automatic gain control (AGC) system coupled to 

said differential amplifier to prevent saturation: 
a capacitor coupled to an output of each of said first and 

second rectifiers. 

4. The detection system of claim 2, wherein said high 
band pass filter is adapted to filter out signal frequency 
below 800 HZ. 

5. The detection system of claim 2, wherein: 
said pick up sensor is one of a magnetic sensor and a 

current sensor, coupled to said wiring, being adapted to 
pick up events within a frequency between 2 KHZ and 
15 KHZ. 

6. The detection system of claim 1, wherein said plurality 
of first multi-pole band pass filters comprises an 8-pole band 
pass filter, having non-harmonically related center fre 
quency. 
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6 
7. The detection system of claim 2, wherein said plurality 

of first multi-pole band pass filters comprises an 8-pole band 
pass filter, having non-harmonically related center fre 
quency. 

8. The detection system of claim 6, wherein said first 
8-pole band pass filters have center frequencies at 2, 3, 5, 7 
KHZ, respectfully. 

9. The detection system of claim 1, wherein said first and 
second rectifiers are adjustable. 

10. The detection system of claim 1, wherein said first and 
second level detectors are adjustable. 

11. An arc fault detection system to detect an arc event in 
aircraft wiring, comprising: 

a pick-up sensor coupled to said wiring, being adapted to 
detect an event on said wiring; 

a differential amplifier coupled to said pick-up sensor, 
being adapted to amplify an output from said pick-up 
Sensor, 

an analog-to-digital converter (ADC) coupled to said 
differential amplifier, being adapted to convert an ana 
log output from said differential amplifier to a digital 
signal; 

a digital signal processor (“DSP) coupled to said ADC, 
being programmed to perform: 
high pass filtering by passing output from said differ 

ential amplifier above a predetermined frequency; 
first multi-pole band pass filtering of a plurality of 

center frequencies by passing output after said high 
pass filtering within a predetermined frequency 
band, each frequency band being non-harmonically 
related to each other in said first filtering: 

second multi-pole band pass filtering of a plurality of 
center frequency by passing output from said power 
and ground terminals within a predetermined fre 
quency band; 

an integrated circuit coupled to said DSP, being adapted 
to perform: 
first rectifying of a plurality of output after said first 

multi-pole band pass filtering by generating a d.c. 
output based on a corresponding arc spectrum from 
said first multi-pole band pass filtering; 

first level detecting of each output after said first 
rectifying by generating a logic level output based on 
a corresponding output from said first rectifying: 

second rectifying of a plurality of output after said 
second multi-pole band pass filtering by generating a 
d.c. output based on a corresponding arc spectrum 
from said second multi-pole band pass filtering; 

second level detecting of each output after said second 
rectifying by generating a logic level output based on 
a corresponding output from said second rectifying: 
and 

generating a detection signal only when said first 
level-detecting indicates a valid detection, while said 
second level-detecting indicates no detection. 

12. An arc fault detection system of claim 11, wherein said 
integrated circuit is further adapted to output a control signal 
based on said detection signal, said control signal being 
adapted to cause power in the aircraft wiring to shut off. 

13. An arc fault detection system of claim 11, wherein 
each of said plurality of first multi-pole band pass filtering 
comprises using an 8-pole band pass filter, having non 
harmonically related center frequency. 

14. An arc fault detection system of claim 12, wherein 
each of said plurality of first multi-pole band pass filtering 
comprises using an 8-pole band pass filter, having non 
harmonically related center frequency. 
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15. A method of detecting an arc fault event in aircraft g) determining that an arc fault is present when all logic 
electrical wiring, comprising the steps of: levels for the wiring frequency spectrum indicate detec 

a) sensing a signal in said wiring: tion and when logic levels for the power terminal and 
b) differentially amplifying the signal picked up from said ground signal frequency spectrum indicate no detec 

W1r1ng: 5 tion. 
c) high-pass filtering an output from said step of differ 

entially amplifying above a predetermined frequency; 
d) band-pass filtering the signal from said step of high 

16. The method of claim 15, further comprising: 
outputting a detection control signal if arc fault is deter 

pass filtering, with a plurality of non-harmonically mined. 
related center frequencies to generate a plurality of 10 17. The method of claim 15, wherein said non-harmoni 
narrow frequency slices that represent a wiring fre- cally center frequencies are 2, 3, 5, 7 KHZ. 
quency spectrum, and band-pass filtering a power ter 
minal signal and ground signal with non-harmonically 
related center frequencies to generate narrow frequency 
slices that represent frequency spectrum for the power 15 
terminal and ground signals; 

e) rectifying each of said frequency slices to generate a 20. The method of claim 16, wherein said step of band 
d.c. level signal for each frequency slice; pass filtering comprises using 8-pole band pass filters. 

f) detecting a logic level for each of said d.c. level signal; 
and k . . . . 

18. The method of claim 16, wherein said non-harmoni 
cally center frequencies are 2, 3, 5, 7 KHZ. 

19. The method of claim 15, wherein said step of band 
pass filtering comprises using 8-pole band pass filters. 


